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(54) INFRARED DETECTOR 

(57) Abstract: 

PURPOSE: To calculate a dose of infrared radiation by a 
method wherein a heat absorption layer on a surface of a 
heat deformable element is irradiated with infrared 
radiation to be deformed, visible rays are reflected by 
a light reflection layer on a rear face thereof to be 
detected by a photodetector and a deformed condition is 
detected based on the photodetection quantity thereof. 

CONSTITUTION: A bimetal type heat deformable element 
3 consists of a heat absorption layer 1 having a small 
thermal expansion coefficient and a great thermal 
absorption coefficient and a light reflection layer 2 
having great thermal expansion coefficient and 
reflecting visible rays. When the absorption layer 1 is 
irradiated with infrared radiation IR, the element 3 is 
deformed corresponding to a quantity of absorbed heat so 
that the reflection layer 2 become convex- shaped. A 
reflection light P2 of a reference light P1 from a 
reference light generation section 4 is diffused, 
thereby reducing a quantity of the light incident on a 
photodetector 62 through a half mirror 5 and a detection 
window 61. As a result, it is possible to obtain a 
quantity of heat of the infrared radiation IR on the 
basis of the extent of the reduction of the quantity of 
the light incident on the photodetector 62 when the 



infrared radiation IR is emitted with respect to a tim 
when it is not emitted. 
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Japanese Laid Open Patent Application No. 8 193881 
Infrared light detecting device 

[ Claims ] 

1. An infrared light detecting device comprising: 

a heat deformable element that has a heat absorption layer on the 

front side and a light reflection layer on the reverse side to be 

deformed by absorbed heat as a result of an infrared light 

irradiating on the front side," 
a reference light illuminator that illuminates the reverse side of the 

heat deformable element with a visible reference light; and 
a detecting element that detects the light reflected from the reverse 

side of the heat deformable element by a photodetector in order to 

detect a state of deformation of the heat deformable element in 

response to the light quantity. 

2. The infrared light detecting device according to claim 1, wherein the 

heat deformable element has bimetal-type structure that a first 
layer for absorbing heat from an infrared light is stuck on a second 
layer made of a material having a different thermal expansion rate 
than the first layer and reflecting the visible light. 

3. The infrared light detecting device according to claim 1, wherein the 

heat deformable element is made of a shape memory alloy that 
deforms by absorbing heat from the infrared light and returns to 
the former shape when no heat is absorbed. 

4. The infrared light detecting device according to claim 1, wherein a 

heat absorption layer made of a material having a large heat 
absorption rate is arranged on the front side of the heat deformable 
element. 

5. The infrared light detecting device according to claim 1, wherein a 

plurality of heat deformable elements are arranged two- 
dimensionally, being a single heat deformable element as a pixel, 
and scanned two dimensionally with the reference light by an 
optical scanner, and wherein the reflection light from each heat 



deformable element is detected successively by the photodetector to 
obtain two-dimensional information of the infrared light. 

[Detailed Description of the Invention] 
[Technical Fields] 

The present invention relates to an infrared light detecting device 
for detecting an infrared light. 

[Background Art] 

An infrared light detecting device has been constructed such that 
an infrared light has been directly detected by a semiconductor sensor 
such as InSb and HgCdTe having sensitivity in the infrared light range 
as shown in "EMC No. 19, Infrared light sensor (lT (published on 
November 5, 1989). 

[Problem to be solved by the invention] 

The problem to be solved is that since a conventional infrared 
light sensor is made for a special purpose such as an eye of a 
noctovision, it cannot be used generally in comparison with a 
photodetector for detecting a visible light, so that the manufacturing 
cost of the sensor element itself becomes high. 

It becomes particularly serious when a lot of sensor elements are 
to be arranged two-dimensionally, being a single infrared light sensor 
element as a pixel, in order to obtain infrared image information. 

[Way to solve the problem] 

The present invention makes it possible to provide an infrared 
light detecting device by using a photodetector for detecting a visible 
light, which is generally used by a lot of instruments and is produced in 
large quantity, without using a special infrared light sensor. The 
infrared light detecting device include a heat deformable element that 
has a heat absorption layer on the front side and a light reflection layer 
on the reverse side to be deformed by absorbed heat as a result of an 
infrared light irradiating on the front side, a reference light illuminator 
that illuminates the reverse side of the heat deformable element with a 
visible light, and a detecting element that detects the light reflected 
from the reverse side of the heat deformable element by a photodetector 



in order to detect a state of deformation of the heat deformable element 
in response to the light quantity. Therefore, the quantity of the infrared 
light radiation can be detected by the detected state of deformation of 
the heat deformable element 

Moreover, in order to obtain two-dimensional information of the 
infrared light, the present invention is devised that a plurality of heat 
deformable elements are arranged two-dimensionally, being a single 
heat deformable element as a pixel, and scanned two-dimensionally 
with the reference light by an optical scanner and that the reflection 
light from each heat deformable element is detected successively by the 
photodetector. 

[Preferred Embodiments] 

The fundamental construction of an infrared light detecting 
device according to the present invention as shown in Fig. 1 is 
composed of a bimetal-type heat deformable element 3 which is 
composed of a heat absorption layer 1 made of a material having a good 
heat absorption rate and a relatively small thermal expansion rate and 
a light reflection layer 2 stuck on the heat absorption layer 1, reflecting 
a visible light, made of a material having a relatively large thermal 
expansion rate, a reference light generator 4 for illuminating the light 
reflection layer 2 on the reverse side of the heat deformable element 3 
with a reference light PI from a visible light source, a semi-transparent 
mirror 5 for deflecting the reflected light P2 from the light reflection 
layer 2, and a photodetector 6 for detecting the deflected light P2 on the 
semi-transparent mirror 5 by means of a light sensor 62 through a 
window 61. 

When the heat absorption layer 1 of the heat deformable element 
3 is irradiated by a infrared light IR as shown in Fig. 2, the heat 
deformable element 3 is warped in accordance with the absorbed heat 
amount. 

Accordingly, the reflection surface of the light reflection layer 2 for 
reflecting the reference light PI becomes a convex shape, the reflected 
light P2 is diverged in accordance with the degree of curvature. Thus 
the quantity of the reflected light P2 deflected by the semi-transparent 
mirror 5 detected by the light sensor 62 through the window 61 
decreases. 



The diameter of the window 61 is adjusted to the light flux of the 
reflected light P2 to be able to detect the reflected light P2 from the 
light reflection layer 2 by the light sensor 62 on the photodetector 6 
when the heat deformable element 3 is not irradiated with the infrared 
light IR and is not warped. 

Accordingly, the quantity of heat irradiated by the infrared light 
IR can be detected by watching the decreased light quantity of the 
reflected light P2 detected by the photodetector 6 while irradiating the 
infrared light IR. 

Specifically, not shown in a figure, a difference signal obtained by 
comparing an output signal according to the detected light quantity of 
the light sensor 62 with a reference signal predetermined according to 
the detected light quantity of the light sensor 62 while not irradiating 
the infrared light IR is assumed to be the detected signal of the infrared 
light IR. 

In this embodiment, the detecting sensitivity of the infrared light 
IR depends on the distance between the heat deformable element 3 and 
the photodetector 6. 

Figs. 3 and 4 show a case of a specific setting structure of the heat 
deformable element 3 processed with micro machining. 

Here, a frame 8 made of a material having a light absorbing 
property such as gold black and black chromium is formed on the upper 
surface of a glass substrate 7. The heat deformable element 3, being 
formed as a thin film, composed of a heat absorption layer 1 and a light 
reflection layer 2 is stuck partially on the frame 8 with protruding 
portions 31 formed on it to create a state that the heat deformable 
element 3 is floated from the glass substrate 7 

Moreover, a frame 9 made of a material having a light absorbing 
property such as gold black and black chromium is formed on the lower 
surface of the glass substrate 7. The frame 9 in cooperation with the 
frame 8 forms an incident aperture of the reference fight Pi and shields 
fight noise. 

Thus the heat deformable element 3 is warped on the glass 
substrate 7 when the heat deformable element 3 is irradiated with the 
infrared light as shown in Fig. 5. 

Fig. 6 shows another structure of the heat deformable element 
which has a heat absorption film 11 made of a material having a good 



heat absorption rate such as gold black and black chromium on the 
surface of the heat deformable element 3 in order to increase a heat 
absorption rate of the irradiating infrared light. The heat absorption 
film 11 may not be necessary when a material having a high heat 
absorption rate is used for the heat absorption layer 1. 

As for the heat deformable element 3, materials having different 
thermal expansion rate may be employed basically for the heat 
absorption layer 1 and the light reflection layer 2. Specifically, for 
example, silicon is used for the heat absorption layer 1 and aluminum 
for the light reflection layer 2, silicon dioxide for the heat absorption 
layer 1 and gold for the light reflection layer 2, or silicon nitride for the 
heat absorption layer 1 and platinum for the light reflection layer 2. 

In the aforementioned embodiment, the heat deformable element 
3 is constructed such that the heat absorption layer 1 has a small 
thermal expansion rate and the light reflection layer 2 has a high 
thermal expansion rate in order that the rear surface of it warps in a 
convex shape. On the contrary, the construction that' the heat 
absorption layer 1 has a high thermal expansion rate and the light 
reflection layer 2 has a small thermal expansion rate in order that the 
rear surface of it warps in a concave shape may be possible within a 
certain temperature range by taking measure of making smaller the 
window 61 of the photodetector 6 in advance. 

Furthermore, as for the heat deformable element 3, a shape 
memory alloy that deforms by absorbing heat from the infrared light 
and returns to the former shape when no heat is absorbed may be 
employed. 

Fig. 7 is a drawing showing a constructional example for 
obtaining infrared image information. 

Here, by using an infrared light image sensor 12 composed of a 
plurality of heat deformable elements 3 arranged two -dimension ally, 
being a single heat deformable elements 3 as a pixel as shown in Fig. 8, 
an infrared image IM is input through a lens 13. The reference light PI 
is scanned two-dimensionally with respect to the infrared light image 
sensor 12 by an optical scanner composed of a scanner portion 14 and a 
lens 15. The reflection light P2 from each heat deformable element 3 is 
successively detected to obtain infrared image information. 



[Effect of the Invention] 

The infrared light detecting device according to the present 
invention detects the degree of curvature produced on the heat 
deformable element in response to the heat quantity of the infrared 
light radiation by detecting the difference in the quantity of the 
reflected light from the heat deformable element illuminated with the 
reference visible light. Accordingly, the device has an advantage 
capable of securely detecting an infrared light by using an ordinary 
light sensor for a visible light without using a special infrared detector 
for directly detecting an infrared light. 

Moreover, without using an image sensor consisting of a plurality 
of special infrared sensors arranged two-dimensionally, the present 
invention makes it possible to obtain infrared image information by 
using simple construction that forms an image sensor for inputting the 
infrared light image by arranging a plurality of heat deformable 
elements two-dimensionally, being a single element as a pixel, and by 
arranging an optical scanner for scanning a reference visible light two- 
dimensionally with respect to the image sensor surface. 

[Brief Description of the Drawings] 

Fig.l is a schematic showing basic construction of an infrared 
light detecting device according to the present invention. 

Fig. 2 is a schematic showing basic construction of an infrared 
light detecting device while irradiating an infrared light. 

Fig. 3 is a perspective view showing an example of specific 
construction of a heat deformable element. 

Fig. 4 is a sectional view of specific construction of the heat 
deformable element of Fig. 3 sectioned along the line A- A. 

Fig. 5 is a perspective view showing a state of warping of the heat 
deformable element while irradiating an infrared light. 

Fig. 6 is a sectional view showing another example of specific 
construction of a heat deformable element. 

Fig. 7 is a drawing showing a constructional example for 
obtaining infrared image information. 

Fig. 8 is a plan view showing an infrared image sensor arranged 
with a plurality of heat deformable elements two-dimensionally, being a 
single heat deformable element as a pixel. 



1- a heat absorption layer 

2' a light reflection layer 

3* a heat deformable element 

4" a reference light generator 

5: a semi-transparent mirror 

6: a photodetector 

61- a window 

62: a light sensor 

7- a glass substrate 

11" a heat absorption film 

12: an infrared light image sensor 

14: a scanner portion 



